Breast reconstruction is among the 10 most common reconstructive surgical procedures in the United States.^[@R1]^ The number of procedures has increased steadily since 2000, with nearly 100,000 procedures performed in 2013 alone.^[@R1]^ A primary, growing reason for breast reconstruction is to restore breasts to their presurgical form following mastectomy due to breast cancer.^[@R2]--[@R5]^ Breast reconstruction is also used to correct congenital deformities, malformations, and trauma to the breast.^[@R6],[@R7]^ Natrelle silicone gel-filled breast implants (Allergan, Irvine, Calif.) are available in a range of implant options and are approved by the US Food and Drug Administration (US FDA) for primary reconstruction and revision-reconstruction as well as for primary augmentation and revision-augmentation.^[@R8]^

The Breast Implant Follow-up Study (BIFS-001) is a large, multicenter, 10-year observational study being conducted as part of a US FDA requirement to provide postapproval data on safety concerns associated with the use of silicone-filled breast implants. The primary objective of this study is to compare the long-term safety and effectiveness of Natrelle silicone breast implants with those of saline implants or national norms in subjects who underwent primary augmentation, revision-augmentation, primary reconstruction, or revision-reconstruction. This ongoing study has enrolled more than 50,000 subjects. Although primary outcome data will continue to be collected over a 10-year period, available baseline data provide an opportunity to examine the demographic, health, lifestyle, and surgical characteristics of a large population of women requesting to undergo breast reconstruction. Because the analysis of safety endpoints in BIFS-001 will involve comparisons between silicone and saline implant groups that are self-selected rather than randomly assigned, it is especially important to understand how characteristics such as health and lifestyle factors that may potentially impact safety outcomes differ at baseline.

The current analysis consequently describes demographic, health, lifestyle, and surgical characteristics for subjects enrolled in BIFS-001 who underwent either primary reconstruction or revision- reconstruction surgery and baseline rates for some of the important safety outcomes. An analysis of subjects who underwent either primary augmentation or revision-augmentation surgery is reported separately. This analysis aimed to assess how characteristics of women undergoing primary reconstruction procedures differ from those in the revision-reconstruction population and how women who select silicone implants differ at baseline from those who choose saline implants. Such differences may have important implications for the long-term safety profile of silicone implants in clinical practice.

METHODS
=======

Study Design
------------

BIFS-001 is a long-term observational study ([ClinicalTrials.gov](http://ClinicalTrials.gov) identification number NCT00443274) comparing outcomes between subjects who underwent primary augmentation, revision-augmentation, primary reconstruction, or revision-reconstruction procedures. Baseline information was collected upon each subject's decision to undergo an implantation procedure. Subjects must have received unilateral or bilateral silicone or saline implants during surgery, and all silicone implants were required to be Natrelle devices. All subjects agreed at enrollment to complete follow-up questionnaires via the Internet, telephone interviews, or postal mail once annually over 10 years.

The study followed Good Clinical Practice guidelines, was approved by the institutional review board covering each participating study site, conformed with World Health Organization guidelines, and was registered with the FDA at <http://www.clinicaltrials.gov> (NCT00443274). All participants provided written informed consent before enrollment.

Subjects
--------

This analysis includes women aged 18 years or older who desired primary reconstruction or revision-reconstruction. Women screened for study eligibility were required to be fluent in English or Spanish. Enrolled subjects then completed surgery, receiving one implant or matching implants (matching implants were both silicone or both saline).

Subjects were ineligible for study participation if they were currently implanted with saline implants after having previously received silicone breast implants. Subjects were also excluded if they were transgender or if the investigator decided that a subject was not a suitable candidate for long-term observation.

Assessments
-----------

Assessments recorded at baseline included demographic characteristics (age, race, height, and weight) and subject-reported health and lifestyle characteristics (marital status, education, occupation, smoking status, alcohol use, and substance abuse history). Body mass index (BMI) was calculated based on height and weight. Surgical characteristics (implant type, placement location, style and size of implant, and incision size and site) were documented by investigators following surgery. Long-term safety outcome measures assessed at baseline included history of neurologic disease, connective tissue disease (eg, rheumatoid arthritis and fibromyalgia), cancer (basal cell/squamous cell, brain, breast, cervical/vulvar, and lung), suicide attempt or thoughts about suicide, and reproductive or lactation complications.

Statistical Analysis
--------------------

Statistical analysis of the 10-year safety data will include comparisons of adverse event rates between women choosing silicone breast implants and those choosing saline breast implants. Therefore, baseline and surgical differences between the silicone and saline groups were analyzed. For primary- reconstruction and revision-reconstruction groups, comparisons between silicone and saline groups were based on a 2-sided *z*-test for continuous data and a 2-sided chi-square test for categorical data. Comparisons were also made between the primary reconstruction and revision-reconstruction populations, using descriptive statistics only.

RESULTS
=======

Subjects
--------

A total of 56,616 eligible subjects were enrolled in the BIFS-001 study from February 2007 through March 2010 (silicone, *n* = 41,163; saline, *n* = 15,453) at 1116 sites. Of these, 5637 subjects underwent breast reconstruction procedures, including 4887 (86.7%) who underwent primary reconstruction and 750 (13.3%) who underwent revision-reconstruction. Most subjects in both the primary reconstruction and revision-reconstruction groups received silicone implants (96.2% and 94.1%, respectively).

Demographics
------------

The median age in subjects in the primary reconstruction group was 50 years at implantation (range, 18--86 years), and the majority of subjects (82.9%) were white. Approximately half of the subjects (48.4%) had a normal BMI, whereas 46.2% were overweight or obese. Within the primary reconstruction group, silicone and saline groups differed statistically with regard to several demographic characteristics. Subjects selecting silicone implants were significantly older (*P* = 0.0024) and had a lower mean BMI (*P* = 0.0259) than subjects receiving saline implants (Table [1](#T1){ref-type="table"}). Race/ethnicity distribution also differed significantly between implant groups (*P* = 0.0342), with a greater percentage of subjects in the silicone group versus the saline group being white and a greater percentage of subjects in the saline group versus the silicone group being Hispanic.
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Relative to the primary reconstruction group, subjects in the revision-reconstruction group were older, with a median age difference of approximately 3 years (50 vs 53 years; Table [1](#T1){ref-type="table"}). When divided by 10-year intervals, most subjects in both the primary reconstruction and revision-reconstruction groups received implants between the ages of 40 and 59 (Fig. [1](#F1){ref-type="fig"}). The mean BMI and BMI distribution were similar in the primary reconstruction and revision-reconstruction groups, although the percentage of subjects who were overweight/obese was lowest in the saline revision-reconstruction group. Among subjects undergoing primary reconstruction or revision-reconstruction, the age distribution at implantation differed significantly between the silicone and saline groups (*P* \< 0.0001, primary reconstruction; *P* = 0.0135, revision-reconstruction). Subjects between the ages of 40 and 59 were more likely to receive silicone than saline implants, whereas subjects aged 39 years and younger were more likely to receive saline implants.

![Age distribution for primary reconstruction (A) and revision-reconstruction (B) subjects. Percentages of women selecting silicone implants were generally higher than percentages selecting saline implants in age groups over 40 years for primary reconstruction (*P* \< 0.0001) and revision reconstruction (*P* = 0.0135).](gox-3-e489-g002){#F1}

Lifestyle Characteristics
-------------------------

Between the primary reconstruction and revision-reconstruction groups, the lifestyle characteristics were generally similar (Table [2](#T2){ref-type="table"}). Among all subjects, approximately 67% were married and more than 75% had attended college. Further, almost half of the subjects in both the primary reconstruction and revision-reconstruction groups held a professional occupation. About 50% of the subjects in both groups were nonsmokers, and fewer than 15% of subjects were current smokers. More than 86% of all subjects consumed 3 or fewer alcoholic drinks per week, including approximately 28% of subjects who did not drink at all. In both groups, fewer than 3% of subjects undergoing primary reconstruction or revision-reconstruction had ever been treated for substance abuse. In both the primary reconstruction and revision-reconstruction groups, no significant differences were found between subjects receiving silicone versus saline implants with regard to any of the lifestyle factors examined, with the exception of marital status for women undergoing revision-reconstruction (*P* = 0.0170). Among women undergoing revision-reconstruction, a greater percentage of those receiving silicone versus saline implants were married, whereas a greater percentage of those receiving saline versus silicone implants were widowed.
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Medical History
---------------

Baseline rates of selected medical diagnoses that are safety endpoints in BIFS-001 are presented for primary reconstruction and revision-reconstruction groups in Table [3](#T3){ref-type="table"}. Among subjects undergoing primary reconstruction, there was a significantly higher overall rate of previous cancer diagnoses for the silicone group versus the saline group (*P* \< 0.0001). The rate of breast cancer was significantly higher in the silicone group compared with the saline group at baseline (*P* \< 0.0001), but no between-group differences were observed in previous basal cell/squamous cell carcinoma, brain, lung, or cervical/vulvar cancer rates. The percentages of women who reported previous suicide attempts or who had thoughts about suicide were similar in the silicone and saline groups. The percentage of subjects who were ever pregnant was similar between the silicone (89.2%) and saline (86.5%) groups. However, more than twice as many women in the silicone group who had been pregnant had tried to breastfeed (*P* \< 0.0001) and, of those, the proportion of women who had difficulties in breastfeeding was significantly higher at baseline in women who chose saline versus silicone implants (*P* = 0.0142). The rate of breast-related disease was also significantly higher in the silicone group (*P* = 0.002).
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As observed in the primary reconstruction subjects, revision-reconstruction subjects who selected silicone implants had a significantly higher overall rate of previous cancer diagnoses (*P* = 0.0007) and a higher rate of previous breast cancer diagnosis (*P* = 0.0034) at baseline, with rates of other cancer types included in the analysis not differing between the silicone and saline groups (Table [3](#T3){ref-type="table"}). There was no difference between implant groups in the number of subjects reporting previous suicide attempts or thoughts about suicide. Among revision-reconstruction subjects, 91.7% of the silicone group and 90.5% of the saline group had ever been pregnant; of those, twice as many women in the silicone group compared with the saline group had tried to breastfeed (*P* = 0.0189). The baseline rate of breast-related disease in subjects undergoing revision-reconstruction was higher for those receiving silicone versus saline implants (*P* = 0.0351).

Surgical Characteristics
------------------------

The majority of subjects received bilateral breast implants (Table [4](#T4){ref-type="table"}). For those who underwent primary reconstruction, 73.2% and 74.2% received bilateral silicone and saline implants, respectively. Similarly, among subjects undergoing revision-reconstruction, 71.5% and 61.4% received bilateral silicone and saline implants, respectively. The majority of implants for primary reconstruction and revision-reconstruction were placed submuscularly, with partial submuscular placement occurring more frequently than complete submuscular placement for silicone implants (60.1% vs 33.5%, primary reconstruction; 56.3% vs 33.1%, revision-reconstruction). By contrast, saline implants were more evenly distributed between partial and complete submuscular placement for both primary reconstruction (50.9% vs 43.5%) and revision-reconstruction (42.3% vs 45.1%), respectively. The distribution of implant locations differed significantly only for subjects undergoing primary reconstruction (*P* = 0.0012), in whom subglandular placement was more common and complete submuscular placement was less common for silicone versus saline implants. Although submuscular placement was also more common in subjects who underwent revision-reconstruction procedures, the frequency of subglandular placement of both silicone and saline implants was higher compared with that in primary reconstruction procedures (9.1% and 9.9% vs 5.5% and 4.0%, respectively).
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Implant Styles and Sizes
------------------------

The majority of silicone and saline implants were smooth in both the primary reconstruction and revision-reconstruction groups (Table [4](#T4){ref-type="table"}). All silicone implants were round; Natrelle shaped implants were not available at the time of this study. The most frequently used silicone implant styles in both the primary reconstruction and revision-reconstruction groups were, respectively, Natrelle style 20 (50.9% and 37.3%), which is considered high profile, and style 15 (23.8% and 28.4%), which is considered midrange profile. The most frequently used saline implant styles in both indications were, respectively, the moderate-profile Natrelle style 68MP (26.2% and 39.4%) and the high-profile style 68HP (18.5% and 19.7%).

In the primary reconstruction group, the most common implant size range for both silicone and saline implants was 400--499 cm^3^ (Fig. [2](#F2){ref-type="fig"}A). More specifically, the most commonly used implant size was 450--474 cm^3^, followed by 400--424 cm^3^, for both silicone and saline implants. The most common implant size range in the revision-reconstruction group was 300--399 cm^3^ for both silicone and saline implants (Fig. [2](#F2){ref-type="fig"}B). More specifically, the most commonly used implant size was 350--374 cm^3^ followed by 375--399 cm^3^ for silicone implants and a tie between 350--374 cm^3^ and 475--499 cm^3^ for saline implants. Size distributions differed significantly between the silicone and saline implant groups in subjects undergoing primary reconstruction (*P* = 0.0096) but did not differ significantly in subjects undergoing revision-reconstruction (*P* = 0.3186).

![Implant size for primary reconstruction (A) and revision-reconstruction (B) subjects. Size distributions differed significantly between the silicone and saline implant groups in subjects undergoing primary reconstruction (*P* = 0.0096) but were not significantly different in subjects undergoing revision-reconstruction (*P* = 0.3186).](gox-3-e489-g006){#F2}

The percentage of women selecting saline implants was higher than the percentage selecting silicone for implant sizes from 200 cm^3^ up to 499 cm^3^ for primary reconstruction and for implant sizes up to 499 cm^3^ for revision-reconstruction. When subjects were divided by 10-year age intervals, the majority of subjects aged 50 years or older who underwent primary reconstruction received either 400--499 cm^3^ or 500--599 cm^3^ silicone or saline implants, whereas subjects aged 49 years or younger were more likely to receive either 300--399 cm^3^ or 400--499 cm^3^ for both silicone and saline implants. None of the subjects aged 18--21 years received saline implants for revision-reconstruction procedures.

When subjects were analyzed by BMI category, an association was observed between subject weight and implant size for those who underwent primary reconstruction procedures. Subjects who were underweight or within normal weight primarily received implants with volumes between 300 and 499 cm^3^. By contrast, overweight subjects mostly received 500- to 699-cm^3^ implants, whereas obese subjects primarily received 700-cm^3^ to greater than 800-cm^3^ implants. No size differences were noted between subjects receiving silicone or saline implants. A similar but less prominent trend was observed in subjects who underwent revision-reconstruction procedures.

Incision Sizes and Sites
------------------------

In the primary reconstruction group, the majority of silicone implants required incision sizes of 5.0--5.9 cm or 6.0--6.9 cm (Fig. [3](#F3){ref-type="fig"}). Most saline implants required incision sizes of 4.0--4.9 cm or 5.0--5.9 cm. This trend was also evident in the revision-reconstruction group, wherein silicone implants more often required incision sizes of 5.0--5.9 or 6.0--6.9 cm. By contrast, the majority of saline implants required somewhat smaller incision sizes of 3.0--3.9 or 4.0--4.9 cm. The most frequently used anatomical incision site in both primary reconstruction and revision-reconstruction groups was the mastectomy scar, followed by inframammary incision. Although these were the 2 most common incision sites for both implant types in each indication, the percentage of subjects with each incision site differed significantly between silicone and saline implants for both primary and revision-reconstruction procedures (both *P* \< 0.0001; Table [5](#T5){ref-type="table"}).
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![Incision size for primary reconstruction (A) and revision-reconstruction (B) subjects.](gox-3-e489-g008){#F3}

DISCUSSION
==========

The current analysis provides a detailed examination of the demographics, lifestyle, health, and surgical characteristics of a large number of subjects undergoing primary reconstruction and revision-reconstruction breast implant procedures. The majority of women in these populations received silicone implants. Women who underwent primary reconstruction procedures were slightly younger than those who underwent revision-reconstruction procedures, although other baseline demographics were similar. However, based on percentages, Hispanics were the second most common ethnic group to undergo primary reconstruction, whereas blacks were the second most common racial group to undergo revision-reconstruction. The majority of subjects who underwent primary reconstruction used a mastectomy scar as the incision site, with either silicone or saline implants placed most frequently in a partial or complete submuscular position. However, subjects who underwent revision-reconstruction procedures were just as likely to have saline implants placed using an inframammary incision as a mastectomy scar incision. Subjects who received saline implants for either primary reconstruction or revision-reconstruction generally had smaller incision sizes compared with those who received silicone implants, most likely because saline implants are not filled until after insertion.^[@R9],[@R10]^ In addition, subjects who underwent revision-reconstruction procedures received slightly smaller-sized silicone and saline implants than did those who underwent primary reconstruction procedures.

Because subjects in this observational study were not randomly assigned but were self-selected into the silicone or saline implant groups, it will be critical to identify any differences between the populations choosing silicone versus saline implants so that these differences can be controlled statistically in the long-term safety analyses. Several significant differences observed between the silicone and saline groups at baseline could potentially influence the 10-year findings. Compared with women who chose saline implants, women who selected silicone implants for primary reconstruction were substantially older and had a lower mean BMI. Ethnicity patterns also differed significantly in this population, with a greater proportion of Hispanic subjects receiving saline versus silicone implants. Among subjects undergoing revision-reconstruction, those choosing saline implants were less likely to be married and were more likely to be widowed than were women receiving silicone implants. Such demographic and lifestyle characteristics may be associated with differential rates of BIFS-001 safety outcomes, including cancer,^[@R11]--[@R13]^ rheumatic and neurologic diseases,^[@R14],[@R15]^ suicide attempts,^[@R16],[@R17]^ and postoperative complications, such as capsular contracture and rippling.^[@R18]^ In the primary reconstruction population, the implant distributions were significantly skewed toward a larger size for silicone implants relative to saline implants. Although requiring confirmation, larger implant size may be a risk factor for breast implant rupture.^[@R19]^ Significant differences between the silicone and saline groups were also found among both primary and revision-reconstruction subjects for baseline rates of BIFS-001 outcomes, including previous cancer diagnoses, breast-related disease, and breastfeeding history and difficulties. There were also significant differences noted between silicone and saline implantation with regard to the percentage of subjects with each incision site.

The baseline data from BIFS-001 offer an opportunity to compare characteristics between a substantial cross-section of real-world reconstruction patients and populations previously enrolled in prospective, long-term clinical trials for silicone and/or saline implants. Subject demographic data and surgical characteristics reported for other breast reconstruction studies reveal similar baseline findings compared with those of the current study. In studies that reported demographic information, the majority of subjects were white, married, and had attended college; most subjects who underwent primary reconstruction procedures were aged in their late 40s, with those who had revision-reconstruction procedures being, on average, approximately 4 to 5 years older.^[@R20]--[@R26]^ With respect to surgical characteristics, the majority of subjects in these studies had breast implants placed submuscularly, using the mastectomy scar or other scar for the incision site.^[@R20]--[@R24],[@R26]^ Incision sizes between 6.0 and 9.0 cm were favored for reconstruction procedures.^[@R23],[@R24]^ Of the studies conducted solely using silicone implants, the majority (\>70%) of subjects elected to undergo bilateral reconstruction procedures.^[@R22]--[@R24]^ One previously published study compared the baseline demographic, lifestyle, and surgical characteristics of subjects undergoing postmastectomy breast reconstruction with silicone (*n* = 306) versus saline (*n* = 176) implants.^[@R25]^ In that study, patients selecting silicone implants were significantly older at implantation (mean, 53.7 vs 51.3 years; *P* = 0.017) and were more likely to have bilateral placement (52.8% vs 39.9%; *P* = 0.008). No significant differences were observed between implant groups with regard to marital status, ethnicity, education level, or occupation, whereas the current analysis did identify differences in ethnicity between subjects choosing silicone versus saline implants for primary reconstruction.

BIFS-001 confirms many previously reported findings. However, as the sample size is considerably larger than the aforementioned studies, it offers an opportunity for surgeons to examine in greater depth the baseline characteristics of women receiving silicone or saline implants for breast reconstruction procedures. In addition, the BIFS-001 study assesses categories not described in recent breast reconstruction studies, including subject's medical history, history of substance abuse, the distribution of implant sizes by age and by BMI, and the distribution of incision sizes. In regard to BMI and implant size, there was a direct association between larger silicone and saline implant sizes and higher BMI for both breast reconstruction procedures, but this association was less prominent for subjects who underwent revision-reconstruction.

Several study limitations deserve mention. A primary objective of BIFS-001 is to compare the long-term safety of Natrelle silicone breast implants with that of saline implants. However, women who choose to receive silicone versus saline breast implants may potentially differ in clinically important ways that can affect safety outcomes. This analysis of the baseline characteristics of subjects selecting silicone or saline implants for primary reconstruction or revision-reconstruction addresses this limitation by identifying demographic and clinical differences between the implant types that must be addressed in all future safety analyses. Additionally, some of the data in the BIFS-001 study, such as lifestyle information, were self-reported. However, it is likely that the robust overall sample size may mitigate any reporting bias. The sample size for subjects with saline implants was small because individuals seeking reconstruction or revision-reconstruction typically favor silicone implants. Another limitation is that a substantial majority of the subjects were white (*n* = 4690), and relatively small numbers of Hispanic (*n* = 310), black (*n* = 282), and Asian (*n* = 122) subjects were included. This observation may reflect disparities in rates of postmastectomy reconstruction.^[@R27]--[@R29]^

CONCLUSIONS
===========

In conclusion, data derived from the BIFS-001 study offer surgeons an opportunity to make informed decisions and provide counseling with respect to the most appropriate implant attributes and surgical approaches for their patients who desire breast implants for primary or revisionary breast reconstruction. Further, these results identify baseline factors that will be critical when analyzing and interpreting the long-term safety outcomes for silicone-filled implants in BIFS-001.

ACKNOWLEDGMENTS
===============

Writing and editorial assistance was provided to the authors by Adrienne Drinkwater, PhD, and Kristin E. Larsen, PhD, of Peloton Advantage, Parsippany, N.J., and was funded by Allergan Inc., Irvine, Calif.

Disclosure: Dr. Picha is an employee of American Medical Technology, Applied Medical Technology, and Abeon Medical; serves as a consultant and advisory board member for Allergan, Inc.; is a member of the Data and Safety Monitoring Board (DSMB) for the BIFS-001 study; serves as an advisor for Intellirod and Mutual Capital Partners; and is an advisory board member for Intellirod. Dr. Singh serves as the Chair of the DSMB for the BIFS-001 study. Ms. Murphy is an employee of Allergan, Inc., and holds stock and stock options in that company. Neither honoraria nor other forms of payment were made for authorship. This study was sponsored by Allergan, Inc., Irvine, CA. The Article Processing Charge was paid for by Allergan, Inc.
